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o SUMMARY I
Wind-tunnel tests were made of & model wing hav;ﬁéman

aspect ratio of 3 and a ‘tapered plan form with a straight
trailing edgée. The model had the Clark ¥ airfoil section
tRroughout ité entire span and had no washout, depending

on a trailing-edge flap for longitudinal balance and con-
trol. The flap had a constant chord and was diyided info.
four egual portions along the span. The tests were made
with the entire flap deflected to obfaln longitudinal con-
t+ol and balance, and also with the Inner portions deflect~
ed alone, and with the outer portions deflected alons, It
wes found that the simple wing with no washout or change

of basic section along the span has aerodynamlc character-
jstics well suited for use on tailless airplanes, A higher
1ift coefficisit Was obtalned with the full-span flap de-
flected as a unit to give longitudinal balance than was .
obtained with either the inner or the outer portions of
the flap deflected. D

= co INTRODUCTION T ST
In the search for an increase of the general;perforﬁ-

ance and the speed range of airplanes, the all-wing type
.0of airplane appears promising. . In the ideal airplane, all

the usual extraneous parts that_produce drag are sither en~
tirely lacking or are enclosed within the wing during
£iight, One step In this direction is the slimimatfon of

the tail surfaces and the structure puppoftfﬁg them, ﬁﬁfs
procedure has an additlional advantage in military use by
removing obstacled in the fields of view apnd of gunfire.

-

 Work on taillesg alrplanes has bégg_gprried on since
the latter part of the ninetgenth century (references 1
to 6, inclusive). One of the first tallless airplanes %o
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fly successfully was the Dunne, a pusher biplane with ex-
treme sweepback, which was flown in 1910, The Dunne air-
plane had good léngitudinal stability but insufficient
control to overcome thls stability and change the angle of
attack more than a few degrees. This inability to change
attitude was no great handicap, as the power loading of
airplanes of that time gave them but a small speed range

Durlng the past few years the most outstanding work in
this field has besn the development of the Hilli "Pterodac-
tyls" in England and of the Lippisch designs in Germany,
The performance of these airplanaa has been remarkably good.
They, 48 well as the Dunne, have high aspect ratio wings
and have obtained balance with the center of gravity suffi-
clently far ahead for longitudinal stabllity by means of
sweepback combined with washout, The Dunne airplane had
the same alrfoil section and chord along the entire span,
but the H1ll and Lippisch designs have tapered plan forms,
and obtain an effective washout by a gradual reduction of
camber toward the tips of the wings. The Lippisch designe
have thick highly cambered Joukowsky-type sections at the
center, with thin inverted or negative camber sections at
the tips to give longitudinal stabiliity.

The tests described in this report are the first in
an investigation by the N.A.C.A., of the asrodynsamic¢ char-
acteristics of possidle tailless arrangements. The inves-
tigation will be extended to include whatever range 1is
thought most desirable and may include, among other things,
variations in aspect ratio, taper, swespback, washout, air-
foil section, dihedral, and also control flaps or other
control devices of @1ffe:ent forms and proportions,

The present tests were made with a model wing having
a low aspect ratlo with a large amount of taper and &
stralght trailing edge, an arrangement which was coneid-
ered asdvantageous in obtaining a relatively large area,
and therefore low landing speed, with small over-all di-
mensions, The large chord should also be advantageous in
damping longitudinal oscillations. The model was provided
with a constant~chord flap, which extended along the en-
tire span and was divided into four sections. These sec-
tions wers used in different combinations to produce pitch-
ing moments for longitudinal control and balance. 4 full-
span split-type upper-surface flap was also tested, The
wing was constructed with a con&tant airfoll section (Olark
Y) and with no washout dut, becaunse of the tapered plan
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form, turning up the flaps gave the effect of washout and
of reduced camber at the tips.

APPARATUS

¥ind tunnel.~ The tests were made in the X.A.C.A, ?
by 10 foot wind tunnel, which is described in detall in
reference 7. They were made at & dynamic pressurs of 16,37
pounds per sguare foot, which corresponds to an air speed
of 80 miles per hour under standard atmospheric conditions
at sea level. The Reynolds Number fot this speed is
"933,000, based on the mean aervdynamic chord of the model,
which is defined as the chord at the centroild of the semi-
wing (reference 8), ¥o corresctions were made for tunmele
wall interference.

Model .~ The model (fig. 1), which was constructed of
laninated mahogany, had a span of 42,43 inches and an as-
pect ratlio of 3, It had a 3:1 taper, the chord at the
center being 21,21 inches and that at the tip being 7.07
inches, The Olark Y section was used over the entire span
as the baslic section with the flap neutral., The upper ex-
tremities 0f the maximum ordinates of the upper surface
were all located in a plane parallel to the chord line of
the root section, giving the wing a certain effective di-
hedral angle, The flep was hinged parallel {o the trail-
ing edge. 1Its chord was one half the wing chord at the ,
tip and one sixth the wing chord at the center, and its
area was one fourth the total wing area. The gap between
the flap and the maln portion of the wing was sealed with
Plasticine for each test, and the V cut between the flap
sections at the center, which was necessary to permit
thelr upward deflection, was covered with adhesive paper.

LY

| TESTS D e

The first tests were made to find the 1ift, drag, “and
center of pressurse with the entire flap deflected upward
variouns amounts. .The results are given in figure 2, The
center of pressure is given in torms of the mean aerody-
namic chord as previously definsd, which has a value 1in
this case of 15,32 inches. 4 estable center-of-pressure
movement was obtained with the entire flap set up 79 or
more, — e
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In the next tests a flap setting of 7° was considered
& neutral position, and with the outer partione of the
flap set at the 7° value the tests were run with the inner
portions set at various angles. This represented a condi-
tion in which the outer portions of the flap were used as
ailorons and the inner portions as slevators, Tho results
are givon in figuro 3.

In the third set of tests, the inner portions of the
flap were set at the 7° angle and ths outer portions at
various angles, representing the condition in which thse
inner portions were a fimed part of the wing and the outer
portions were deflected together for elevators and differ-
entially for ailerons. The results of those tests ars
given in figzure 4. -

In addition to the foregoing tests with the conven-
tional=type flap, tests were made with the flap portion
of the wing set neutral to conform to the bdasic Qlark ¥
section and with a metal plate deflected upward from the
upper surface and forming a split flap, as shown by the
inset in figure l. It was thought that this arrangement
might give trim at the high angles of attack without so
great a sacrifice in the maximum 1ift coefficient as that
obtained with the conventional-type flap. The aplit flap
proved unsatisfactory, however, in that it became ineffec-
tive as the angle of aftack was increased, and did not
give control at the high angles, The results of thense
tests are given in figure b,

DISCUSSION

The maximum lift coefficient that can be obtalned in
flight with any of these flap arrangements depends on the
filap deflection required for trim at the high angles of
attack, which in turn depends on the location of the cen-
ter of gravity of the airplans. An analysis of the pres-
ent test data ilndicates that the rearmost position of the
conter of gravity that can be used without entailing lon-
gltudinal inetability at the angles of attack noar zero
11ft 18 26 percent of the mean wmerodynamic chord. JIn fig-
ure 6 are plotted the 1iff and drag characteristics of the
model with the flap deflected the required amocunts to give
trim at the varlous angles of attack with the center of
gravity assumed at 36 percent of the mean aerodynamio chord.
The highest value of Oppaxs 1.07, was obtained with the
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entire flap deflected as & unit, With either the inner

or the outer portions of the flap defloctod aloné for lon-
gitudinal balance, the value of the maximum 1ift cooffi-
clont obtainod was 0,99,

The value of Oppmgx ODPtalned in the present tests

with & full-span flap and no washout or change of basic
section along the span is slightly higher than other val-
ues for wings suitable for tailless airplanes tBat have_
come to the attention of the authors.

With a flap over the entire span, it seems likely
that a smallor chord than the one used in the presant testsa
would give sufficient pitching moment with less loss of
1ift, In addition, & somewhat lower minimum drag coeffi-
‘clent would obviously be obtained by the use of a basic
alrfoll having its trailing edge swept up in a smooth men -
nor to zive & slightly stable movement of the centor of
prossuro, although even with the preseént flap, the drag
for the high-speed con@ition is less.than thal of the plaim
wing at the same 11f% coefficient.

cowerusioNs -

N
1, A simple low éépectq}afio flng—havihg_the same' ) /

airfoil sect-un throughout the span and havfug zero washe- /

out has serodynamic characteristics suitadble for a tail- ( .

less atrnlane if provided with & trailing-edgs flap. X

2. A full-span flap on a wing of the form tested
glves longitudinal balance at higher 1ift coefficionts
than flaps covering only tho outer or the Ainner haIf of
the span. e e N _-l

3, Turther tests seem warrantod with tho prosont

rlan form in which improved flaps or devices such as aux-
iliary airfoils along the leading edge are unSed to ob%ain
higher yalues of the 11ift coefficient. . TS

o T o
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Langley Memoriml deronautical Laboratory, --—=

Nationsl Advisory Committee for Aeronautics,--
Lanziey Field, Va., Hay 23, 1233, .

1. P - LR -
N . T



6 N.A,C.A, Technical Note No. 463
REFRERBINOES

1, Lademann, Robert W. E,: Development of Tailless and
All-Wing Gliders and Airplanes, T.M. Yo, 666,
N'Aac.Anl 1932.

2, Sayers, W, H.: Tall-less Aereplanes, Ancient and Mod-
ern., The Aeroplane, April 28, 1926, pp. 446-454.

5, Hill, G. T. R.: The Talllese Aeroplane. Jour. Roy. -
Aero. Soc., September 1928, pp. 519-544,

4. Gates, S. B., and Hirst, D. M.: Some Features of the .-
Barlier Pterodactyl. Design. R. & M. No, 1423,
British A.R.C., 1932, :

5, Lippisch, Alexander: Recent Tests of Tailless Air-
planes, T,M. No., 564, N.A.C.4A,., 1930.

6, Heinze, Bdwin P, A.: The Dreieck I Tallless Airplane
(German) - A low-wing cantilever monoplane. A,C,
No. 159. N.AUC.A.’ 19321

7. Harris, Thomas A.: The 7 by 10 Foot Wind Tunnel _of the
National Advisory Committee for Aeronautics. T.R,.
No. 412, N.A.0.A., 19031l.

8. Army Air Corps: Determination of Center of Gravity and
Mean Aerodynamie Chord. A.C.I.C. No. 605, 1929,



N.A.C.A. Tochnlcel Wote No.433"

10.61%

.

—_— 3
-
—~—

L N

Outer flap

Detall of
split flap

10,61

aH

42‘.

b

Plg.1l

Pigure 1.-Sweptback Clark Y airfoil model.
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Figurs 2.-Cpy--Cp,and c.p. with full span plain flap set at various angles.
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Figure 3.=Cp, COp and ce.p. with full span plain flap divided into four

parts of equal span. Outer pair set 7° up, center pair at
various angles.
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